A 67-year-old male with bilateral lung lesions presented for median sternotomy. One-lung ventilation was complicated by arterial desaturation. Continuous positive airway pressure with oxygen was applied to the nonventilated lung to relieve the hypoxaemia. However, the cotton gauze packed inside the operative site was ignited by the electrocautery. The burning gauze was immediately removed without any complication.
CASE REPORT
A 67-year-old male was scheduled for wedge biopsy of a left upper lobe nodule followed by resection of a right lower lobe tumour via median sternotomy. Incidentally, the patient also had a thyroglossal cyst that would be resected in the same operative session. He was a chronic smoker with exercise tolerance of four flights of stairs. There were no other significant medical problems. He was not on any preoperative medication. The arterial blood gas on room air was pH 7.41, P a CO 2 38.9 mmHg, P a O 2 86.2 mmHg, and SaO 2 97%. Other laboratory investigations including complete blood count, electrocardiogram (ECG), renal function and liver function tests were unremarkable.
On the day of surgery, he received no premedication. Standard monitoring was applied, included non-invasive automated blood pressure monitoring, 2-channel 5-lead ECG and pulse oximetry. General anaesthesia was induced after pre-oxygenation with intravenous fentanyl 2 µg/kg, thiopentone 4 mg/kg and cisatracurium 0.15 mg/kg. A 39 Fr left doublelumen endobronchial tube was inserted under fibreoptic guidance. General anaesthesia was maintained with isoflurane, nitrous oxide and morphine. There was no significant change in heart rate, rhythm or blood pressure. The oxygen saturation was main-tained above 96% with inspired oxygen concentration of 40%.
The patient was kept in the supine position and median sternotomy was performed. The left upper lobe nodule was excised for frozen section and was reported to be a benign lesion. Resection of the right lower lobe tumour followed. One-lung ventilation to the left lung was started after successful isolation of the right lung. Oxygen saturation slowly decreased to 88% despite the use of 100% inspired oxygen. Malposition of the double-lumen tube was ruled out by fibreoptic bronchoscopy. Continuous positive airway pressure (CPAP) of 6 cmH 2 O with oxygen was applied to the right lung, which raised the oxygen saturation to above 96%. At this stage, the surgeon was dissecting the right lower lobe. Dry cotton gauze was used to soak up shed blood and unipolar electrocautery in coagulation mode was used to cauterize the bleeding sites. A piece of gauze packed near the site of dissection suddenly caught fire. It was immediately removed from the surgical site and the fire extinguished in a few seconds by itself. A 3cm x 2 cm area of the gauze had been burnt away. Visual inspection of the operative site did not reveal any burn or thermal injury to the patient. The surgeon denied any inadvertent opening of the bronchial tree. The CPAP circuit to the right lung was immediately disconnected. The oxygen saturation slowly decreased and stabilized at 93% after the surgeon had ligated blood vessels of the right lower lobe. Subsequently the operation finished uneventfully and the patient was extubated at the end of surgery. The postoperative course was complicated by excessive blood loss via the right chest drain. Reoperation revealed a small bleeding vessel at the stapled bronchus which was secured uneventfully.
DISCUSSION
Airway and endotracheal tube fires caused by lasers have been frequently reported 1, 2 . Fires secondary to the use of electrocautery in an oxygenenriched environment have been reported during tracheostomy 3 , tonsillectomy 4 , plastic surgery 5 and ophthalmic surgery 6 . This is the first report of fire during a thoracic operation.
The occurrence of fire requires the triad of an oxidizing agent, a combustible material and a source of ignition. In this patient, during the dissection of the diseased lung, integrity of the bronchial wall or lung parenchyma might have been breached accidentally despite denial by the surgeon. This would result in an oxygen-enriched gaseous environment around the operative site, especially with the application of continuous positive airway pressure with oxygen to the non-ventilated lung. Oxygen might also have diffused out from the non-ventilated lung. The oxygen concentration at the operative site would be difficult to estimate. Although cotton gauze has been reported as the fuel source in many cases of intraoperative fire, it continues to be used to soak up blood during surgery. Flammability of endotracheal tubes in oxygen and nitrous oxide enriched atmosphere has been studied 7 . But we are not sure of the oxygen index of flammability of the cotton gauze. Other alternatives such as wet gauze or gauze made of material of lower flammability index should be considered. The use of electrocautery in bipolar mode and minimum power setting may help to decrease electric arcing and the stray electrical current flowing to the surrounding tissue 8 . The surgeon should also be aware of this complication if the use of electrocautery cannot be avoided.
One-lung ventilation for the thoracic surgery performed in the lateral decubitus position is complicated by ventilation-perfusion (V/Q) mismatch, mediastinal shift and attenuation of the hypoxic pulmonary vasoconstriction reflex. Anaesthetists now face new challenges because of the latest developments in cardiothoracic surgery, including double lung transplantation 9 , lung volume reduction surgery 10, 11 and minimally invasive coronary artery bypass surgery 12 . These procedures are performed in the supine position instead of the lateral decubitus position. Shunting of blood to the non-ventilated lung is increased because of the loss of gravitational effect on the distribution of pulmonary circulation. This results in more severe hypoxaemia intra-operatively.
On the other hand, the ventilated lung would be less affected by the weight of the mediastinum. Watanabe found that compared with lateral decubitus position, one-lung ventilation in supine position is associated with more rapid drop and a lower level (65± 12 mmHg vs 167±69 mmHg) of partial pressure of arterial oxygen (P a O 2 ). Furthermore, the shunt fraction in the supine position was found to be as high as 45 to 47% in contrast to 25 to 28% in lateral decubitus position 13 .
Increasing the inspired oxygen concentration is a simple and effective method to alleviate hypoxaemia 14 . However it becomes ineffective when the shunt fraction is more than 50% and the oxygenenriched gas mixture in the ventilated lung may leak around the bronchial cuff into the non-ventilated lung.
CPAP with oxygen to the non-ventilated lung is effective in improving the arterial oxygenation 14 . However its beneficial effect levels off at a pressure of 10 cmH 2 O and further increase in the pressure applied does not improve the arterial oxygen tension. CPAP may also interfere with the surgical field and, as in this case, increase the risk of fire by pressurizing the non-ventilated lung with a high concentration of oxygen that leaks out easily via the dissected bronchial tree.
Another method to alleviate hypoxaemia is intermittent re-inflation of the collapsed lung with oxygen, which increases the arterial saturation by more than 30 mmHg for a variable duration following each inflation 15 . However it also has the problem of interfering with the progress of the operation and leakage of oxygen to the operative site.
Positive end-expiratory pressure (PEEP) applied to the dependent lung has variable effect on the arterial oxygenation during one-lung ventilation in the lateral decubitus position 16 . It increases the functional residual capacity and counterbalances the weight of the mediastinum. However excessive PEEP may increase shunting of blood to the operative lung. In the supine position, the ventilated lung is free from the weight of the mediastinum and the optimal use of PEEP needs further evaluation. Furthermore, the use of PEEP may increase the leakage of oxygenenriched mixture into the non-ventilated lung.
As mentioned previously, there is no gravityrelated preferential perfusion to the ventilated lung during one-lung ventilation in the supine position. Rotation of the surgical table to semi-lateral position of 35 to 50 degrees to the horizontal helps to restore the gravitational effect on the pulmonary blood flow 11 . The P a O 2 in this position was 128±54 mmHg and the oxygen saturation was 96±2% at 30 minutes after the start of one-lung ventilation compared against 65±12 mmHg and 91±4% in the supine position and 167±69 mmHg and 97±4% in the lateral position. Furthermore, the time for the P a O 2 to drop to 200 mmHg was 583 seconds in semi-lateral position compared with 798 seconds in the lateral and 354 seconds in the supine position 13. Early ligation of the pulmonary artery is another alternative. As shown in this patient, the oxygen saturation stabilized at above 93% as the surgeon ligated the arterial supply of the diseased lobe. It reduces the perfusion of the collapsed lung and hence the degree of shunting.
The risk of fire may have an effect on the choice of double-lumen tubes. Some anaesthetists have advocated the use of left-sided double lumen tubes for both left-sided and right-sided thoracic surgery because the ease of placement 17 . However, a leftsided double lumen tube may potentially be ignited by the electrocautery when the bronchus is open in an oxygen-enriched environment. Besides, it is more prone to be displaced when the surgeon dissects the left pulmonary hilum leading to leakage of the oxygen-enriched inspired gases.
In conclusion, one-lung ventilation in the supine position is associated with more severe oxygen desaturation than in the full lateral position. Use of the various oxygen enrichment therapies may be associated with increased risk of fire when bronchial integrity is breached. Methods that would not increase the oxygen concentration in the operative lung may be preferable. This is an area that deserves further study.
